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A CASE STUDY OF BACTERL LEAF BLIGET OF WE'LAD RICE

vo ovebi en-ei G. Kondo and T, Harada,
(Agiculture and Horticulture). Aki Agricultural Improvement
26. No. 5. 533(1951) Station, Ministry of

-563 Agriculture and Forestry

Cases of bacterial leaf blight of wetland rice and result-
ing crop damage have been reported from various parts of the
country from year to year. With respect to this pz.ticular disease,
there have been reports from Nakada and Ishiyama, and also the
Aichl, Kumamoto, Saga, and other Agricultural Experimental Sta-
tions which have clarified to some extent our knov..ledge concerning
the pathogen, the circumstances of occur•ftcrof tha disease,
methods of control, and which have also contributed to the develop-
ment of resistant strains. The Kogvokl and KoPanceu strains
developed by the Aichl Preftural Agricultural Experimental
Station are known to be patticularly disease resistant, bzd these
varieties have been recommended to farmers in various prefectures.

In 1949, there was an epidemic of bacterial leaf blight
in Alohi Prefecture with the disease occurring as early as late
July in some parts and the disease developing so rapidly such that
the terminal leaf was observed to be infected when the ear was
being farmed. Under such circumstances, it is necessary to make
a detailed on-the-spot investigation of the crop damage Incurred#
to Inset emergency measures, and to study the growth of disease
resistant varieties, improved methods of cultivation, and perma-
nent measures for control of the disease.

Based on this viewpoint, several actual surveys were con-
ducted in the vicinity of Togo village in the county of Ninami-
setsuraku. The survey was generally conducted on the basis of
different river systems. Within a group of lands of a water
system, Individual paddies were studied. We furthar invoctig-: l
the relation between the rice variety and disease o"curre..
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also the relation between disedse occ-,_:-s'+ th -c+" c:
cultivation. This report inojudacc o*..........
sation conducted on and around September 10 c:.rJ Oce*'ozr 23.

1. Relief and soils of southern pa-rt of i:inmi-setsura•u CounIty.

The topography of the lari :hich was. ir.vestigatcd con.Oizc'•Od
of the ridges of tie Gaho ,.i-n. "--.:<. -. 1o•x.C
to the north of th area, arA th3 south "b•'• j baciceC bvj
Toyo-kawa (river). The area bet•een th... .o=zins -A tha rivur
was a diluvial terrance, most of it ' f.;d. -i c.
numerous streams of 6 to 12 feet widt- "'I
tains, forming a pectinated pattern cl.in_.. "-hc .
each of these strea+m systems irriz_,tinG :-•,. to ""-.a._ -. -
terraced wet paddies, and the systems biin- sop-rated by d-y
farmland. Small dams were appropria'at!y located on these streams
to provide Irrigation water for the aasociatod wet paddies of the
system.

Figure 1. Relief map of southern part of ginami-setsuraku-gun.
Legend: (1) Gunka-gawr . (2) Noda-gawa. (3) Tamachi-gawa.
(4)Nakano-gawa. (5) Hanba-gawa. (6) ,iya-kawa. () Rengo-gawa.
(8) Gotanda-gawa. (9) Taikal. (10) Wet paddy.

The soil was a mixture of acid soils containing gneiss, granite
particles, ard humus (See Figure 1).

Area investisated

The area investigated consisted of the rice paddies
Irrigated by the tributaries draining Into the Toyo-k=,ra (river)
contained in the political subdivisions Togo-mura (village).
Shinjo-machl (town), and Sengo-mura (village), the investigation
being conducted according to individual tributaries. The names
of these streams and adjoining localities are as follows :
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T-ika ita= e ke Sa•-ri T':.: -:.L

Renjo-Cawa . -.... .-.o

Banba-gawa Ush':!-Ara, Yabe , Tcm.n~a--> Tomiza-wa
Okino-Sawa I hirh i ->Hirai --- Tomizaira

amachi-gawa •at.yca-'> Togo, San-o-=ura boundary
Noda--gairari-:rch

Gunkal-gawa

2. Incidence of disease by area

The area studied was know:n for Its h:L: i:.'idcice c:
bacterial leaf blight of the rice pc.n; i-n past years, and in
1949, infection of the second an taihird leaves .:as noticed as
early as late July, with the disease szprceadinz very rapidly.. It
was noticed that within the aroa, there were variations In the
incidence of the disease, and this prompted our attention to
investigate this area.

Between September 9 and 11, the situation :oncerninz
bacterial leaf blight infection in the entire basinz of nine
streams was investigated, attention being paid to differences
between river systems as well as to the locationa of th. rice
paddies within a basin. According to the results s=--narized in
Table 1, it can be seen that seven of the nine river systems had
bacterial leaf blight, also that there were differences between
the river systems with respect to severity of the disease, also
that infection in the upper and middle reachee of the river
systems generally meant that there was progressively severe
infection of rice plants also in te lc;,-er reaches of these
rivers. It was also noted that the distance between the Talkai
system, which was uninfected, and the Gotanda system, one of the
infected systems, was only a few hurndred. yards. It c=n be con-
cluded from these results that the distribution of bacterial
leaf blight infection is somehow related to the irrigation system.

3. Investigation of Individual rice paddies in a particular
Infected area.

The Matsuda sector in the Okino-gawa basin, where the
disease was particularly rampant, was selected for a detailed
paddy-to-paddy survey from October 19 to 21. The survey was mainly
in the localities of Ichinomiohi, Takahashl, Matsuda. and Banba,
with no infection observed In the upper reaches of the river.

-3•-
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rable 1. Incidence of bactor a i 1l c; a.^ ....

Bactria lef1.1.1" i-ac

Name of river Bacterial leaf b2A.t ciz.azc
Dezree Location e c Loc.i._" y

Taikaltame ikegakari None
Gotanda-gawa Slight .1ds t-zi L 'o o
Rengo-gawa Severe From = .
Niya-kawa Severe From Vups-.-:az ULhiL-• _,'

NanbagawaTcmiza::
Hanba-Sawa Moderate From dow.nstream To=izawa
Okno-gawa Severe From midstream KamlhraNi Hira-
Tamokhi-gawa Severe From midstream Hirai, Nishiar-aimachi
Noda-gawa Sligat Downstream Na kaashiao
Gunkal-gawa None

Bacterial leaf blight of the rice plant generally started
with infection of the lower leaves, with the infection moving to
the upper leaves such that by October 20, the extent of the
disease could be judged by observation of infection of the terminal
leaf. The severity of the disease was judged according to the
following criteria:

(1) Infection of only the lower leaves with no infection
of the terminal leaf.

(2) Slight infection of the terminal leaf.

(3) Infection of 1/3 of the terminal leaf.

(4) Infection of 1/2 of the terminal leaf.

(5) Infection of 2/3 of the terminal leaf.

(6) Infection of the entire terminal leaf.

As can be seen from Figure 2, the disease was found in r-11
of the rice paddies of the area investigated without expection.
Similar to the situation in the other river basins, there was less
Indioence of the disease upstream towards Iohinomichl but pro&res-
filvely severe infection downstream. At the same time, there -. ,-
differences between Iniividual rice paddles in the Co•>eO C_-'
feotion with bacterial leaf blight.
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wl I !n C. S, , h-c S C. CO L,: -'n

• thi.n a s-..zl~ t..2.' w.:.s also ....... .... .. n '-'

degree of i--'cotion, -- 0 t'. a-o V......
T7at is to Lay, in t:he car-ly .- c.- in on a late July
to early August, severest i*.z-ction i:as fouz.d azong pilants loca-
ted near the water intake of the paddy, with soattered infection
of other plants in the same paddy.

'S •
25~2

1. 1 .-

Figure 2. Incidence of disease in Iasuda 54rea.

Legend: (1) Oirino-gawa. (2) irrigation ditch. (3) Identification
of farmer. (4) Figures indicate decree of severity of disease.

The scattered infection is assumed to be due to infection in the
seed, beds prior to transplanting to the main paddy, while the
infection of plants near the water intake is assumed to be a
primary infection.

With gro:ith of the rice plant, the •ttern of infection in
a single rice paddy changes, that is to say, the initially severe
infection near the water intake is no longer serious. Whena
water channel is established, along one side of the paddy, infection
is clearly lighter along such a channel, and this seems to mean
that the colder water experienced near the water intake and in
such a water chan~el tends to inhibit development of the disease.

4. Degree of infection and variety of rice plant.

In the IMatsuda area, the Aichi-asahi variety of rice is
predominantly grown, with other varieties such as Tokai-asahi,
Hashushimo, Koganeinaru, and indigenous mochigome being cultivated
in insignificant quantities. The '•f~eot of va•Ioty oa infection

-5 -
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to the disease was studied with respect to t:.z .

In the survey of September 10, all five varietice waro
observed to be equally infected, the Cezree of infection amount-
Ing to total covering of the fourth and fifth leaves with lesions,
some lesions on the secoz leaf, and occasional lesions on tha
terminal leaf.

In the survey of October 20, Aich-n.•ahi, Tt -az:Žh, -
Hatsushimo were found to be heavily "x c-3,
and Indigenous mochigome were found to be relct-ivoly !ic1tj -.-
fected by the disease. From a distance, - the ey_..-- "._•
fading of the former three varieties couli be seen the Golc~n
ripening ears of plants of the varieties KoGr-,zaru and r. ndienous
mochigome.

5. Relation between method of cultivation and infection.

In order to establish a relation betaeen the method of
cultivation and the incidence of the Cizease, ta• authors e•-
barked on interviews with the farmerz, but. due to important un-
known factors such as the amount of fertilizer used, this method
of approach vtas droppel, and we conducted studies of the practices
of Individual farmers with respect to the dagree of infection,
the relation between the seedbed and the main paddy, and the
relation between irrigation and fertilizatioL practices and cinl-
dence of the disease.

(1) Incidence of disease by individual farmer.

According to Table 2, it can be seen that by individual
farmer in the Matsuda area, there are some differences in the
Incidence of the disease related to the method of cultivation.

Table 2. Incidence of disease by farmer.

0211 ~ $ #N*fOA

A~~I I bO 4. e~4. 0 14.0 45 14. 45 1 5.0
.:B #, 0.03.0-0.OA.5' -'-

N, C N * 2.52.53.0 -;
D N 4.03.04.04.04.55.E , 0 2.52.52.5 -. K'ff--tRt o

F N 2.52.53.0!- - --
G |0 2.52.530' - - Al. a mi 8

4. 1 -03.0-.. 4•,, •.o3.o4.o',.4 0 -

1*t0 11:a.~ 52 0 H
Legend: (1) Identification of parmer. (2) Variety of rice.
(3) Aichi-asahl. (4) Ko~anemaru. i5) .. i.z......
(6) Incidence in main paddy. (7) . (3) S .
in uninfeoted land.
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(2) Dif"erer.ce in - c' .:- - ,m.. . . .
main paddy.

In Figure 3 i1 . -. "-"- "
of disease in he scedbr"-d "

tion is high in the zeedL-, : -zis o h de.z.ee of
infection in the =-in paddy. Cca "s o........
E and G listed in T"bie. 2, -.:-oo -. - ' lca ;
stream in the sa:e river- czni on --
of rice plants in the .in . .C_'
be considea-cxbly lezz -i ' .

nee7 infc ct-z. •.2 ".J .. .. _ . .. - .-

into discas•. 'r-ies w.Z! inour . ... . ..

less disastrous results than in t:. . . ..

(3) .".angenent of irratiarn othar "

In the area investigated, thcr w1s cne f=ecr 1,:',o ten'i&*
to be negl.i~nt in fert-i!...ti on -- " ........
being allo;:ed to flo.: const-nt!y th=o'g'2h h±1, ... . '
of rice plants in his fields r=t'*az2iy t-e:cd to be poor, but

surprisingly, there was very little dCsese. One of the factors
responsible for this result is no doubt the effect of the water
temperature, as once previously described.

• ,( * ' • , • "40.

3 IV *%

Figure 3. Relation between seedbed after transplanting and the
main paddy with respect to incidence of disease.

6. Relation between bacterial leaf blight disease azA the number
of kernels per ear, number of unripened kernels, and weight of
grain.

In order to establish a relation between infection of the
terminal leaf and grain yield 02 th. plt, o:e -"--



with respect to the Aichi-asc.hi vor of :..
I.atsuda sector, the welght of c. : ::_.. •
eur, the n-uib.r of unripened kerni.a, ,ncl the wei:ht o-" a
thousand kernels.

Although we were nýt abje to i.vezUtc,.+ t:.1 yicld !:-this survey, the loss of wezht of -• a- r
In the number of uniper.di !ad na2s C .......
the deleterious ef.'ect of th - . .

From among the individaZl rica 2.+z ::h. i.hc s17% % IT
In detail az praviolzly descli, " "
from light to heavy infection, and from each of these pcddies,
15 plants with the best ear E;owrti weo- CLtO rC..u.-.
being shown In Table 3 and Table 4.

Table 3. Relation botween bacteri-cl la f blight of ths rice
plant and number of kernals per ear, '=bor of unripencc r _d
and weight of grain.

3.0 "I? *o 2.11:1 1..., 2AS.

' 3.0 '. C 2.8 "99 13! 13.O0 20.0"". "': 3.0 *I . B 3.1 U1 14, 13.0. 30.01.. 4.0 " D 2.6 07, 13, 13.4! 28.9S

4.0 u D 2.5 92a 13' 14.41 2926
.3.0 1 2.6 100' 136 13.0 293
3.0 A 2.4 9.9 23. 23.01 28.2

'". 4.5. D A 2.5 917 151 170 28.4

-. ,. 4.5 / A 2.5 103 22 21.41 27.9
5.0 " A 2.5 105' 21 20.0* 27.3
5.0 • B 2.4! 101 241 24.0, 26.8

- 5.0 D D 2.51 1171 33: 25.iO 26.9

Legend: (1) Degree of damage (visual observation). (2) Variety
of rice. (3) Koganemaru. (4) Alchi-asahi. (5) Identification
of farmer. (6) Weight of an ear. (7) Numbar of kernels per ear.
(8) Number of unripened kernels.. (9) Percentage of unripened
kernels. (10) Weight of 1000 kernels of grain. (11) Remarks:
Average of fifteen plants with largest spikes.
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Figure 4~. Relation between baceterlal. lecaf a*.Lsease ani..
ripened seed.

Trhe rest--ts cia ly so; that t:Zh c Of~' G.~ diz-ea:;Cc
there i.s a ~raei~.~;~ic'- ~ ra'~ :Ltcf an
kernel of grain acompg..cx ofon by a.,_+ :e -c',t of"
unripened grain, whila there is alof i... t..e nu:.;zr
off kernels per er=. 'The 1 roff• is ýerl o ot
aff ec ted by the disease, since tUhi~z- I s d L early
in the grt'h of the plant, while i off plant geresrally
occurs much later, retarding zro:t~h cznd a iA noff nutrition
and resulting in lighter weight of the fruit'.

In our conversations uith the fa-r~zers durinZ t*.e. invest%*i-
gantion, it was found. that the disease-; usually severe in
years of droug~ht w~ith Inadequate iLriC:-tion vwat-er, also that the
disease usually flared up with depletion of fertilizer In the
soil. Mhesa observations contradict the results off previously
run tests, and It Is difficult to provide a satisfactory explana-
tion in this case.

7. Conclusion

Although this investigation only covered a small area, the
results obtained were as follows:

The incidence of. bacterial leaf blight o the rice plant
is closely related to the associated water system. In the ease at
diseased, water systems, there is always Inffection of plants
downstream in the system. There are exantples of nearby but
different water systems with similar conditions, where no blight
is found. The study shows that, considering the cnaracteristic-
of the bacteria, transmission of the disease is mainly through
the seed, Straw, or the water sys t.-;-;, cand tate, o ao infthctict
occurs, the disease is propagated do.. f lr i n" t hee ý

sol.•es bsratos otrditth esl-9-prvoul



cultivation -s so-,. -

the cases " ohc : L'. " -'•- i c"- ; :t-IG . . .Z . ....
damage frc= the dsease_• ".:-. 'j.L. "-.
Variety plays a-n z'cz:.::t -in .... " ......
In the caeo _ cz.' ,-0 0:. ...
the nat-u ' ... -o , :'.
i. the -- . ...t*heL di sc,ý. . . .; . . ... .; -

d~efinite ~
factors c. __" ...-
to cause a ~~c.

Although the arca s--'-.
to a serious d -,, ' - " .
rather nonch'lant ,bzu- - o . i.. "
the plants in a
of any specia!y control . - .........
resistant strain, is not r 1:.;a 1 in tZ- ... xi-....Y '- " " ---ae
the lo.: yield ar.:. the late ast y o' ti ..... . . "
Aichi-asahl, a susceptible varlety is fvciod e:- z .... rly i ýh
yield.

As previ ously r~zt•i . --•....•-' ••.of *"-.- topooLap
of this area, t"- s.-r i-n this .... .-c the 1 r.: hta
river beds are de-o, the caddizs fc= ": .ces on both bz.'•zs, and
there are ayz to be frequent ort:- .... --- tio- • r.
Although there are very fa-. .o.w- , ..... _, Most o'f t"•he
paddies are twc-crop rice o-d=_es . a area s-aveyed
Is typical of this type of rice f':zL.:a, P.;. is to sz.j,
although none of Cie pai-dies are ev-r fully covered with water
during the entire -ron-.--nZ seas on, ri-s : vertheless an over-
all incidence of the disease. Sone of the ý_-yend rice Crown
on the adjoining terraces is also -ý,n to bc infeteod with
1"cterial leaf~ bl-ght. Generally floodng of the rice paddies
With water is considcred to Ia' the praj cause of bacterial
leaf blight irfection, but in' the caso of t:.is ,where th
disease is preva2lent, the cause ,-ajt c:z1st in the ordinary
flowing-irri-tion water. Since ui:nter :heat is grown on thepaddies, diseased straw: is left in the fields to fu'Other infect
arA even worsen the disease distuation n" the t cia ng years.

,ore recently, farmers have m sed a Zrc-.,_" interest
on the subject of disease resistant varie=ies, ani althourh
various control measures are bc.in studied, by far th. most
effective means of control is the development anri the use of
disease resistant varieties.
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